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SUMMARY

An investigation has been conducted to determine the static stability
and control characteristics of a cruciform missile configuration with delta
wings and aft tail fin controls. The tests were conducted in the Langley
Unitary Plan wind tunnel at Mach numbers from 1.60 to 4.63 through an angle-
of-attack range of -4° to 30°. Model roll orientation was varied from 0°
to 1359,

The results indicated good longitudinal stability and control characteris-
tics throughout the test Mach number range. Relatively high induced rolling
and yawing moments were apparent at asymmetric model roll angles for the lower
test Mach numbers; however, sufficient roll and yaw control was available to
trim to relatively high angles of attack and lift coefficients.

INTRODUCTION

In support of the development of highly maneuverable air-to-air and
surface-to-air missiles, the National Aeronautics and Space Administration
has performed wind-tunnel tests to determine the stability and control charac-
teristics of a cruciform missile configuration with delta wings and aft tail
fin controls. Other missile configurations which add to the data base for
maneuverable missiles are presented in references 1 to 29.

The investigation was performed in the Langley Unitary Plan wind tunnel
at Mach numbers of 1.60, 2.10, 2.50, 2.86, 3.95, and 4.63. Static aerodynamic
characteristics were determined at a nominal angle-of-attack range from -4°
to 30° at model roll orientations of 0° to 135°. The test Reynolds number was
9.84 x 106 per meter.

SYMBOLS
The aerodynamic-coefficient data are referred to the body-axis system
except for lift and drag, which are referred to the stability-axis system. The
moment reference was located at 56 percent of the body length aft of the nose.

Model dimensions are given in SI Units with U.S. Customary Units in parentheses.

A maximum cross—-sectional area of body, 45.60 cm? (7.07 in2)

. o Axial force
Ca axial-force coefficient, -——e-m-vvv-——or»
gA

Ca ¢ base-cavity axial-force coefficient
14



Drag

drag coefficient,
gA

base~cavity drag coefficient

drag coefficient at a = 0°

Lift

1lift coefficient,
gA

trimmed 1ift coefficient (Cp = 0)

Rolling moment
gAd

rolling-moment coefficient,

Pitching moment

gAl

pitching-moment coefficient,

pitching-moment coefficient per degree control deflection (a = 0°)

o Normal force
normal-force coefficient, ————-————

qA

Yawing moment

vawing-moment coefficient,
gqAd

L. Side force
side-force coefficient, —————

gqA
reference body diameter, 7.62 cm (3.00 in.)
body length, 91.44 cm (36.00 in.)
free-stream Mach number
free-stream dynamic pressure, Pa

radius of model nose, 2.54 cm (1.00 in.)

longitudinal location of aerodynamic center referenced to body length



=3 longitudinal location of center of gravity referenced to body length
l .

o angle of attack, deg

I wing tab deflection angle, deg

5pitch pitch-control deflection (negative, leading edge down), deg

Sroll roll-control deflection (positive to provide a clockwise rotation
as viewed from rear), deg

5yaw yaw-control deflection (negative, leading edge left as viewed from
above), deg
0 model roll angle (positive clockwise when viewed from rear; symmetrical

configuration "+" equals 0° with wing tab on bottom), deg

Model components:

B body with protuberances
Bo body without protuberances
T | tail

W wing

APPARATUS AND TESTS
Tunnel

The investigation was conducted in both the high and low Mach number test
sections of the Langley Unitary Plan wind tunnel. This is a continuous-flow,
variable-pressure facility with two test sections, each 1.22 m by 1.22 m in
cross section and 2.13 m in length. The nozzles leading to the test sections
are of the asymmetric sliding-block type, which permits continuous variation
in Mach number from 1.47 to 2.86 in test section 1 and from 2.29 to 4.63 in
test section 2.

Model

The test configuration was a cruciform missile with delta wings and aft
tail fin controls. Dimensional details of the model are presented in figure 1,
and a photograph of the model mounted in the test section is shown in figure 2.
The model fuselage is a 7.62-cm-diameter cylinder with a hemispherical nose hav-
ing a 2.54-cm radius. Attached to the fuselage are cruciform delta-planform
wings and clipped-delta-planform tail fins mounted in line with the wings. The
wings and tail fin controls have circular-arc cross sections with thickness-to-
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chord ratios of 0.045 and 0.06, respectively. Wing 3 (fig. 1) is provided with
an aileron-type trim tab. The model also had eight removable protuberances on
the fuselage which simulated various equipment ducts.

Test Conditions

The tests were performed at Mach numbers of 1.60, 2.10, 2.50, 2.86, 3.95,
and 4.63 at a Reynolds number of 9.84 x 106 per meter. A stagnation tempera-
ture of 339 K was maintained for Mach numbers from 1.60 to 2.86, and 353 K was
maintained for Mach numbers of 3.95 and 4.63. The dew point was maintained at
a level sufficiently low to assure negligible condensation effects. Angles of
attack were varied from approximately -4° to 30° at model roll orientations
from 0° to 135°. Transition strips were placed 1.02 cm aft of the leading edge
on the wing and tail surfaces and 3.05 cm aft of the nose. The transition
strips were composed of No. 50 sand (0.032 cm in diameter) for Mach numbers of
1.60 to 2.86 and No. 40 sand (0.046 cm in diameter) for the higher Mach numbers.

Measurements and Corrections

Aerodynamic forces and moments on the model were measured by means of a
six-component, electrical strain-gage balance which was internally mounted near
the moment reference center of the model. The balance was attached to a sting
which, in turn, was rigidly fastened to the tunnel model-support system. Model
base-cavity pressure was measured with two static-pressure tubes extending into
the balance cavity.

The results have been adjusted to free-stream static pressure acting over
the model base. Angles of attack have been corrected for deflections of the
balance and sting due to aerodynamic loads and for tunnel airflow angularity.

PRESENTATION OF RESULTS

The results are presented in the following figures:

Figure
Variation of base-cavity axial-force and drag coefficients with

angle of attack; BTW configuration . . . . . ¢« ¢ ¢« ¢ ¢ ¢« ¢ ¢ ¢ o ¢« o o 3

Effect of pitch-control deflections on longitudinal aerodynamic
characteristics; ¢ = 09, BTW configuration . . . . . . . . . .« .« . . . 4

Effect of pitch-control deflections on longitudinal aerodynamic
characteristics; ¢ = 459, BTW configuration . . . « « ¢ ¢ o &« o « « « & 5

Variation of trimmed lift coefficient with center-of—éravity
location; BTW configuration . . . ¢ ¢ ¢ ¢ ¢ ¢ &+ ¢ ¢ o o o o o o o o o 6

Variation of longitudinal parameters with Mach number; BTW
configuration . . . ¢ ¢ v @ e i e e e e 4 e e 6 6 e s e e e 4 e e e e 7



Figure
Effect of component parts on the longitudinal aerodynamic
characteristics at ¢ = 0© e e e e e e e e e e e e e e e e e e e e e 8

Effect of component parts on the longitudinal aerodynamic
characteristics at ¢ = 459 . . . ¢ i L 0 i et e e e e e e e e e e e e 9

Effect of model roll orientation on longitudinal and lateral
aerodynamic characteristics; BTW configuration . . . . . .« . « ¢« « . . . 10

Effect of pitch-control deflections at various roll orientations;
BTW configurations « « « + ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o« o o o o s o o o o o oo 1

Effect of roll-control deflections on lateral characteristics with
four fins deflected 10°; ¢ = 459, BTW configuration . . . . . . . . . . 12

Effect of yaw-control deflections on lateral characteristics with
four fins deflected 10°; ¢ = 45°, BTW configuration . . . . . . . . . . 13

Effect of wing-tab deflections on lateral characteristics;
¢ = 45°, BTW configuration, control tab on wing 3 only . . . . . . . . . 14

RESULTS AND DISCUSSION
Longitudinal Characteristics

Longitudinal stability and control characteristics are presented in fig-
ures 4 and 5 for ¢ = 0° and ¢ = 459, respectively, and are summarized in
figures 6 and 7.

The vehicle has relatively linear pitching-moment curves (figs. 4 and 5).
However, a slight pitch-up tendency is noted at ¢ = 45° at the lower Mach num-
bers. This tendency results in an effective reduction in stability level of
about 5 percent body length at angles of attack above 15° (fig. 5) when com-
pared with the ¢ = 0° configuration (fig. 4). The lift-curve slope CLa
generally shows an increase with increase in angle of attack.

The aft tail fins provide effective pitch control throughout the-Mach num-
ber and angle-of-attack test ranges (figs. 4 and 5). At the higher Mach num-
bers, the pitch-control effectiveness Cmd increases with increase in angle

of attack; the control effectiveness, therefore, remains nearly constant with
increase in Mach number at high angles of attack. (Note the large reduction
in Cm6 with increase in Mach number at o = 0° as presented in fig. 7.)

The characteristic reduction in 1lift and increase in drag with negative con-
trol deflection are apparent in figures 4 and 5. Pitch control is approxi-
mately 40 percent more effective at ¢ = 45° than at ¢ = 09, since four fins
are deflected instead of two. Lift characteristics for the model at ¢ = 0°
and ¢ = 45° are similar.



Variations of trimmed 1ift coefficient with center-of-gravity location are
presented in figure 6. This fiqure shows the maximum 1lift coefficients obtain-
able with the indicated pitch-control deflections at various center-of-gravity
locations. Thus, the aerodynamic potential for maneuverability (instantaneous
normal acceleration) of this configuration can be compared with other configura-
tions on the basis of 1lift available divided by 1lift required for the missile
to maintain level flight.

The variation at @ = 0° of longitudinal aerodynamic parameters with Mach
number is presented in figure 7. A reduction in pitch-control effectiveness
with increase in Mach number is apparent for both ¢ = 0° and ¢ = 45°. The
aerodynamic center remains nearly constant at 60 to 61 percent body length for
the test Mach number range of 1.60 to 4.63. The blunt hemispherical nose con-
tributes to a relatively high Cp,o throughout the Mach number test range.

The effects of component parts on the longitudinal aerodynamic characteris-
tics at ¢ = 0° and ¢ = 45° are presented in figures 8 and 9, respectively.
Addition of the protuberances in the form of equipment ducts and various fair-
ings produces a zero-lift drag increase of about 5 percent and a noticeable
reduction in stability for the wing-body-tail configuration.

Lateral Characteristics

Effects of model roll orientation ¢ at angles varying from 0° to 135°
are presented in figure 10. The asymmetric roll angles of 14.0°9, 26.59,
and 67.5° produce large induced rolling and yawing moments starting at angles
of attack below 10° at M = 1.60. These effects are delayed to higher angles
of attack and are less pronounced as Mach number is increased. Figure 11 shows
the effect of pitch controls at various model roll orientations (for controls
deflected to provide a moment in the same plane as the model pitch plane). It
is apparent when comparing figures 10 and 11, that pitch deflections have little
effect on the induced rolling and yawing moments.

Figures 12 and 13 show the roll and yaw control power available to nul-
lify the induced rolling and yawing moments. The tail fins as controls are
very effective in providing roll and yaw control. It appears that this missile
configuration can trim to relatively high angles of attack and 1lift coefficients
at all model roll orientations. However, no attempt was made to run a suffi-
cient data matrix at combined controls to establish the control boundaries.

The effects of a trim tab located on wing 3 are shown in figure 14.

CONCLUDING REMARKS

An investigation has been conducted to determine the static stability
and control characteristics of a cruciform missile configuration with delta
wings and aft tail fin controls. The tests were conducted in the Langley
Unitary Plan wind tunnel at Mach numbers from 1.60 to 4.63 through an angle-
of-attack range of -4° to 30°. Model roll orientation was varied from 0°
to 1359,
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The results indicated that the vehicle had relatively linear pitching-
moment curves and only a l-percent aerodynamic-center variation throughout the
Mach number test range. Pitch controls were effective at all test conditions
and were capable of providing high trimmed-lift coefficients. Relatively high
induced rolling and yawing moments were apparent at asymmetric model roll angles
at low Mach numbers; however, sufficient roll and yaw control was available to
nullify these moments at relatively high angles of attack.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

November 2, 1979



10.

11.

12.

REFERENCES

Corlett, William A.; and Fuller, Dennis E.: Aerodynamic Characteristics at
Mach 1.60, 2.00, and 2.50 of a Cruciform Missile Configuration With In-
Line Tail Controls. NASA T™M X-1112, 1965.

Fuller, Dennis E.; and Corlett, William A.: Supersonic Aerodynamic
Characteristics of a Cruciform Missile Configuration With Low-Aspect-
Ratio Wings and In-Line Tail Controls. NASA TM X-1025, 1964.

Foster, Gerald V.; and Corlett, William A.: Aerodynamic Characteristics
at Mach Numbers From 0.40 to 2.86 of a Missile Model Having All-Movable
Wings and Interdigitated Tails. NASA T™™ X-1184, 1965.

Hayes, Clyde; and Fournier, Roger H.: Effect of Fin-Flare Combinations on
the Aerodynamic Characteristics of a Body at Mach Numbers 1.61 and 2.20.
NASA TN D-2623, 1965.

Corlett, William A.; and Richardson, Celia S.: Effect of First-Stage
Geometry on Aerodynamic Characteristics in Pitch of Two-Stage Rocket
Vehicles From Mach 1.57 to 2.86. NASA TN D-2709, 1965.

Corlett, William A.: Aerodynamic Characteristics of a Maneuverable Missile
With Cruciform Wings and In-Line Canard Surfaces at Mach Numbers From 0.50
to 4.63. NASA TM X-1309, 1966.

Spearman, M. Leroy; and Corlett, William A.: Aerodynamic Characteristics
at Mach Numbers of 3.95 and 4.63 for a Missile Model Having All-Movable
Wings and Interdigitated Tails. NASA TM X-1332, 1967.

Spearman, M. Leroy; and Corlett, William A.: Aerodynamic Characteristics at
Mach Numbers From 1.50 to 4.63 of a Maneuverable Missile With In-Line
Cruciform Wings and Canard Surfaces. NASA TM X-1352, 1967.

Spearman, M. Leroy; and Corlett, William A.: Aerodynamic Characteristics
of a Winged Cruciform Missile Configuration With Aft Tail Controls at
Mach Numbers From 1.60 to 4.63. NASA ™ X-1416, 1967.

Hayes, Clyde: Supersonic Aerodynamic Characteristics of a Model of an Air-
to-Ground Missile. NASA T X-1491, 1968.

Fuller, Dennis E.; and Richardson, Celia S.: BAerodynamic Characteristics
at Mach 2.50 of a Cruciform Missile Configuration With In-Line Inlets,
Wings, and Tail Surfaces. NASA TM X-1492, 1968.

Corlett, William A.: Aerodynamic Characteristics of a Modified Missile
Model With Trapezoidal Wings and Aft Tail Controls at Mach Numbers of
2.50 to 4.63. NASA ™ X-1751, 1969.



13. Fuller, Dennis E.: Aerodynamic Characteristics of a Cruciform Winged
Missile With Trailing-Edge Controls at Mach Numbers From 1.60 to 4.63.
NASA TM X-1743, 1969.

14. Corlett, William A.: Aerodynamic Characteristics of a Modified Missile
Model With Cruciform Wings and In-Line Tail Controls at Mach 1.60 to 4.63.
NASA T™ X-1805, 1969.

15. Corlett, William A.: Aerodynamic Characteristics of a Cruciform-Wing
Missile Model With a Systematic Variation of Canard and Tail Locations at
Mach 1.60 to 4.63. NASA TM X-1834, 1969.

16. Spearman, M. Leroy; and Trescot, Charles D., Jr.: Effects of Wing Planform
on the Static Aerodynamics of a Cruciform Wing-Body Missile for Mach Num-
bers Up to 4.63. NASA TM X-1839, 1969.

17. Spearman, M. Leroy; and Fournier, Roger H.: Aerodynamic Characteristics
of a Maneuverable Missile With Cruciform Delta Wings and Aft Tail Controls
at Mach Numbers From 1.50 to 4.63. NASA T X-1863, 1969.

18. Corlett, William A.: Aerodynamic Characteristics at Mach 2.50 to 4.63 of a
Cruciform Missile Model With Delta Wings and Trapezoidal-Tail Controls
Including Effects of Wing Location. NASA TM X-2364, 1971.

19. Corlett, William A.: Aerodynamic Characteristics at Mach Numbers From 1.60
to 2.86 of a Current Missile Configuration With Modified Wing and Tail
Components. NASA TM X-2455, 1972.

20. Corlett, William A.: Aerodynamic Characteristics at Mach Numbers From 0.40
to 2.86 of a Maneuverable Missile With Cruciform Trapezoidal Wings and
Aft Tail Controls. NASA T™ X-2681, 1972.

21. Monta, William J.; and Foster, Gerald V.: Aerodynamic Characteristics of a
Wing-Control Air-To-Air Missile Configuration at Mach Numbers From 2.00 to
4.62. NASA TM X-2487, 1972.

22. Corlett, William A.; and Howell, Dorothy T.: Aerodynamic Characteristics
at Mach 0.60 to 4.63 of Two Cruciform Missile Models, One Having Trape-
zoidal Wings With Canard Controls and the Other Having Delta Wings With
Tail Controls. NASA TM X-2780, 1973.

23. Jernell, Lloyd S.; Monta, William J.; and Flechner, Stuart G.: Stability
and Control Characteristics of a Cruciform Missile Model With Large Delta
Wwings and Tail Controls at Mach 0.60 to 4.63. NASA TM X-3037, 1974.

24. Blair, A. B., Jr.: Aerodynamic Characteristics of a Tandem-Canard Missile
at Mach Numbers From 1.83 to 4.63. NASA TM X-3040, 1974.

25. Fournier, Roger H.; Foster, Gerald V.; and Watson, Carolyn B.: Aerodynamic
Characteristics at Mach 0.60 to 2.86 of a Canard-Controlled Span Con-
strained Missile for Missions at Low to Moderate Altitudes. NASA
™ X-3436, 1976.



26. Graves, Ernald B.; and Fournier, Roger H.: Stability and Control Charac-
teristics at Mach Numbers From 0.20 to 4.63 of a Cruciform Air-to-Air
Missile With Triangular Canard Controls and a Trapezoidal Wing. NASA
T™ X-3070, 1974.

27. Sawyer, Wallace C.; and Sangiorgio, Giuliana: Stability and Control Charac-
teristics of a Monoplanar Elliptic Missile Model at Mach Numbers From 1.60
to 2.86. NASA TP-1352, 1979.

28. Monta, William J.: Supersonic Aerodynamic Characteristics of a Sparrow III
Type Missile Model With Wing Controls and Comparison With Existing Tail-
Control Results. NASA TP-1078, 1977.

29. Howell, Dorothy T.: Wind-Tunnel Investigation of Supersonic Aerodynamic

Characteristics of a Model Simulating the SA-N-3 (Goblet) Missile. NASA
TM-80050, 1979.

10



Lt

i
3
i

Front view

2,540 I——\\\ |

-——15.821.—'——¢|
1

|
|

be———— 35,306 - -~
e —19.406———=1
be-———18.796- —-

91.440

35,052 7—T 8.941 Tlo.wa —1 '
i !
| !

51.206
|

|

| Moment reference
/ (56% of body length ’
[
|

L
aft of the nose)

" =

Figure 1.~ Model details.

|
|
\
[
<=

(All dimensions are in centimeters.)



12

Figure 2.- Model in wind tunnel.
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Figure 9.- Effect of component parts on the longitudinal aerodynamic
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53



54

Configuration

BTW

Doopao

(a) Concluded.

Figure 9.- Continued.



a, deg

2.10.

M=

b)

(

Figure 9.- Continued.

55



a,

eg

c
o
=
E
=
<
o
o

(b) Concluded.

Continued

9

igure

F

56



c
o
=
>
o>
<
=
o

inued

igure 9.- Contil

F

57



c
e
=
E
o
<
o
©

(c) Concluded

Continued.

9

igure

F

58



c
o
=
=
E
>
c
o

o

- Continued.

Figure 9.

59



60

CD4

Contiguration

BTW

(d) Concluded.

Figure 9.- Concluded.

a,
12 deg



0]
a]
I
<
D
[a}
a

(a) M = 1.60.

Figure 10.~ Effect of model roll orientation on longitudinal and lateral
aerodynamic characteristics; BTW configuration.

61



d

ilnue

(a) Cont

inued

igure 10.- Conti

F

62



slyZeanle)

¢, deg

0.0
14,0
26,5
45,0
67.5
90.0

135, 0

8 12 16 20
a, deg

(a) Concluded.

Figure 10.- Continued.




64

(b) M = 2.10.

Figure 10.- Continued.




inued.

(b) Cont

inued

10.- Cont

igure

F

65



66

1.6

1.2

_ i
wHE R :: “ i 4 i K 11 siissagects
it
il
1
0,deg ’
O 0.0
Oa 14,0 ;' F
A 26.5
O 45,0
D 67.5 i
Q 90.0 J;j
A 135,0
i i ! 3 "i
i
L
| i
il L
R P st B ] EEth i ,” : i
I
i

8 12 16 20
a, deg

(b) Concluded.

Figure 10.- Continued.

24 28

32

36



ongoaad

deg

[

.50.

2

)

(¢

(

d.

lnue

10.- Cont

Figqure

67



conmomoo
S<onron
—~—NToom

oogqgoaad

d.

ilnue

(c) Cont

.— Continued.

igure 10

F

68



0 G
69

o~ o <t < ) o~
— ) 1 —- —
} ©
o
Tt
o0
o~
o <
o~
oD coonounoco ¥ Lo}
D . e e e e e o )]
T o< woin~OINn EHE o~ 3
- N OO ™M . o
£=4 —
o ol
1) L
g E
b=]
O oo aad H— o o &)
et 0
o !
R (o] .
unm T o C 0
sy o~ -
—_ —_
it £ o m
ik 24 5
i A o
o
- d . &
<
3 o
<t
'
S
=z == =
S

2y




70

(d) M = 2.86.

Figure 10.- Continued.




(d) Continued.

Figure 10.- Continued.

a,
deg

7



HE

DDODO>OO

0,deg

0.0
14,0
26,5
45,0
67.5
90.0

135.0

i
i
EEE:
4 8 ir
g‘ H
1
HHE

72

0 4 8 12 16 20 24
a, deg

(d) Concluded.

Figure 10.— Continued.

28

32

36



ocoqQogaa

)

e

(

inued.

10.- Cont

igure

F

73



<
~

20

12 g, deg

(e) Continued.

inued.

- Cont

10

igure

F

74



n

4
i {iit
il
0 ;
-24H il t
'} {
it H i
i
ﬁ 0, deg
| O 0.0
| ¢ E 14.0
26.5
i <O 45,0
f : D 67.5
i O 90.0
m i | A 135.0
T
f i
Ll i
b
3 M
iﬁ R D a‘
’i f
9 HH
i
ofi ‘ L i
i
i
-2 i 12
il |
"4 -4 8 12 16 20 24 28 32 36
a, deg

(e) Concluded.

Figure 10.- Continued.

0 C

75



a, deg

Figure 10.- Continued.

76



(f) Continued

- Continued

Figure 10.

77



36

T ogwwn~own
- —~N < OO ™
—_

e
oooaada

32

}Hn

28

il
AL
!!!n

24

E

£ °
=
= = & = =
= % = % EEEE S £ ,. m : WMmﬁN e

= + £t o0

- .
: - ]

5 .
: b
o ~ r=) J._ .Wo.o

deg

a,

(f) Concluded.

Figure 10.- Concluded.

78



-
°
c
-
~
o

@ c
- =
s
=

i)
= v
ac
©
<
e

deg

a.

1.60.

t various roll orientations;

i10ns a

itch-control deflect

Figure 11.- Effect of p

ion.

t

BTW configura

79



80

Bpitch.deg
Fin 1 and 3 Fin 2 and 4
0 =20

-5 <20k “
-20 : deg

(a) Continued.

Figure 11.-~ Continued.



0,deg 6pitch-deg
Fin 1 and 3 Fin 2 and 4
O 0.0 0 -20
g 14.0 -5 -20
O 45,0 -20 -20
L1
-8 -4 8 12 16 20 24 28 32
a, deg

(a) Concluded.

Figure 11.~ Continued.

36

81



82

0, deg Bpitch. deg
Fin 1 and 3 Fin 2 and
0 -20

-20
-20

Figure 11.~ Continued.



(b) Continue

Figure 11.- Continued.

83



84

1.2

0,deg 6pitCh-de9

Fin 1 and 3 Fin 2 and 4

o 0.0 0 -20

O 14.0 -5 -20

O 45,0 -20 -20

i
3 -4 8 12 16 20 24 28 32

a, deg

(b) Concluded.

Figure 11.- Continued.

36



H HH

; \

1 !
\s

uu l

Hi[][]ﬂ”] i mmuMINIMIIHMIHN Nﬂi!llll{l(l!ll’llllﬂlHl L H ll IHI?
” . 'n !!5!!“! ‘“
i |
1
lllll“ i

i

} \M\" i

il

, ]

\ll)
ﬁ a ;«; |
| "M m ;\;m ”]u 1\;\}\5‘!{!\11 it }[ m\ H N
{II“‘L{Ul?i\1i)IIl‘1[miM'\"l"fﬂll\ﬂl‘ 1%3 it ||itquWlmnrHEl‘huﬁﬂ»lwIM} l\!

1 \,,uvlt!mwtw

l]‘l“ “\ Wl m h
Wi llﬂ i muwu | mm.ull!‘ "“" {p
fieds *“



86

e
“WNN"“mi"IHIH!HHIII!III L Ilmulmllm h’iﬂliﬁlﬂﬂlﬂllﬂll {!l I“]m‘

|
}lﬂl lliﬁﬂmﬂ e giﬁ
i ‘ "“Hl | lll!lllllIIIIHNHHEIMIl |
| I%H }li‘l ““{

,m,l;aHmﬂumnumumnmmnu.,;',Wﬁqas{;ﬂal\nmmmsmnw,,dmn |
L
'e

.
ll II

I“mmHIlmlillllilllIllulllllmnlmllm mllliiiiil II lll!lll Illlﬂlllll mﬂl 'l‘
L

I
i
WMWWMH
WWWWWWWR
1l

i

|
!
|
|
I

MWWWMMN
&WWWWWWWN
HMWMMWWWW
“WMWMWWW%

| %
QWWMWWM
I i i
lil

i M
| I Nl
llnu;:g;,;a;;"';'w'mw i '1unI;tg;;p"u;yg;u;uu 'Hl |

nnl“&"ln’ o 'lnu}fumwm MH“’ "
M . mﬁ{ﬂMpp‘;ﬂh%hnmmm\

____.—-——————-===

}l"i1%%}i}%li}i}ﬂﬂi'ilﬂﬂt'l!! A
umuwﬂa\,“ it mmwmummﬂ}amﬂﬁaﬂwu
L
i
'l ||l|‘1“l!‘ﬁ%l'““'ll’ll‘llﬂ!\llﬂ\ll“lI"'““%H""‘I“"lll‘ll“%%}!l%
e
il |

i
BMMWWW

ﬂﬂlli!ﬂ!lllﬂ

|

.
|
|

i




i
Wik

S5

e S
==

0,deg bpitch . deg

Fin 1 and 3 Fin 2 and 4

0 -20

5 -20

o

0o

05—
i O
oo

-20 -20

et

e

HE
33313821182.8428)

8 12 16 20 24 28 32
a, deg

(c) Concluded.

Figure 11.- Continued.

36

87



88

Bpitch . de9
fin 1 and 3 Fin 2 and 4
0

1
a, deg

(d) M = 2.86.

Figure 11.- Continued.




i d.

(d) Cont

inue

d.

11.- Continue

igure

F

89



90

|
i : : it e
i
0, deg 6pitch ,deg
Fin 1 and 3 Fin 2 and 4
O 0.0 0 -20
a 14.0 -5 -20
<O 45,0 -20 -20
1
: it R,
it ik
0 l
1t i
i
H
i |
1]
il
-8 -4 4 8 12 16 20 24 28 32
a, deg

(d) Concluded.

Figure 11.- Continued.

36



~
c
«

32

28

24

20

16
a, deg

12

0

- Continued.

Figure 11.

91



!
i

]
{v
AIZ a, deg
8
4
0
4
8

d.

Bpitch . deg

inue

- Cont

11

L
(e) Continued.

igure

F

92



=

rolrdule

Opitch,deg

0
-5

. -10
45.0 -20

-20
-20
-20
-20

Fin 1 and 3 Fin 2 and 4 lji]

e

i

EEEEE':E:

i

-4

4 8 12 16 20
a, deg

(e) Concluded.

Figure 11.- Continued.

24

28

32

36

93



(f) M = 4.63.

Figure 11.- Continued.

94



(f) Continued.

Figure 11.- Continued.

95



4
n 2
0 A s ey P |
-2
0,deg bpitch . deg
Fin 1 and 3 Fin 2 and 4
O o 0 -20
E 14.0 -5 -20
26.5 -10 -20
O 45,0 -20 -20
H
|
i
1o H g : bty Wa ~:r.,'l#
| il
H‘“!"
2 . it
;e
0 i | i
Y
_2 it
i
-4
-8 -4 0 4 8 12 16 20 24 28 32 36

96 .

a, deg
(f£) Concluded.

Figure 11.- Concluded.



i
|

o

S
=4
E:% R

s e i

S S

S

BT

y T
-8 -4 0 4 8 12 16 20 24 28 32 36
a, deg

=

(a) M. = 1.60.

Figure 12.- Effect of roll-control deflections on lateral characteristics
with four fins deflected 10°; ¢ = 459, BTW configuration.

97



98

1.

o
-
o
a
@
=
33
==
=i

2

P

T
e it

-3 -4 0 4 8 12 16 20
a, deg

(b) M = 2.10.

Figure 12.- Continued.

24

28

32

36



!

i

i

= S i s
w S2s: P
25 HHEEE He =E
i RIS
s mmmm%m ,.uunuu
= e

Hii

i
ti

H

i

16 20 24 28 32 36

a, deg

12

M = 2.50.

(c)

Figure 12.- Continued.

99



100

S et

i

i

S

i brolr . deg

10

i

s3sssasaias:

:x;'ﬁ

il

i

ot

%

i

8 12 16 20
a, deg

(d) M= 2.86.

Figure 12.- Continued.

e

~N

28

32

36



it

TR
m 0

e, 5 s
= = e

Hit

il

tH

‘?!!

i

Oroll . deg

oo

|

Hinl

20

16

12

a, deg

(e) M = 3.95.

Figure 12.- Continued.

101



i
36

32

i
|
il

28

24

20

1t

16

M= 4.63.

a, deg

it
i

Sesteesses

12

(£)

Figure 12.- Concluded.

Sroll . deg
0
0

.

Ot

102



e
=
=

:,O
i
!
e
s ssssiisaa:
e

-

S

% 2
2222
E:”E§

—

£
e
S
EESE
asssessss
SEERREEE
=

(=)
FEEET
S
s
S
e

=
i

S
%u

0 H
cy B
2l |
b i tﬂ
B il I i
-8 -4 0 4 8 12 16 20 24 28 32 36
a, deg

(a) M = 1.60.

Figure 13.- Effect of yaw-control deflections on lateral characteristics with
four fins deflected 10°; ¢ = 45°, BTW configuration.

103



104

1.

i

i

e

it

B

i

EQEE"
25

i

Sisass:

Ss3ssts
=
=

2

e
aseses:

dyaw. deg

223384
e
a2

ggua
it
T

$3arias

e

it

e e
=

&w:: :§£

A
i

i i

-8 -4 0 4 8 12 16 20
a, deg

(b) M= 2.10,

Figure 13.- Continued.

24

32

36



1

it

i

i

e

38312

12

il

éyaw R deg

0
-10

O
a

36

32

28

24

20

16

0 fif

2

1.

a, deg

M = 2.50.

(c)

Figure 13.- Continued.

105



106

n 2

Ht

1.2

byaw deg

-10

s

taine

8 12 16 20
a, deg

(d) M= 2.86.

Figure 13.- Continued.

24

28

32

36



n 2

==
e

:::::

22222

SesinmsiE

i

i i
it i it
1 1 i 1 118 1

8 12 16 20 24 28 32 36
a, deg

(e) M= 3.95.

Figure 13.- Continued.

107



6yaw, deg il

i

i

e = = = e
S L : %ﬁm : = = e ==
S s e = E T S S
= == S um S S
T = = : e S : et
= EHE b e S S
e = e R R
— e e Emm
e s = % s =
H s et = EHis mmm% s
== S e LR
e e e s e B R s i e L = "fm
== o e = EEEE = mmmk jEERRE
S e HHM = = S s
= =5 i T = =

16 20 24 28 32 36

deg

12

M = 4.63.

(£)

Figure 13.- Concluded.

108



6 HHH i
; i !
ﬂb W
4 i
-
Cn 2 ﬁi
H
il
i il
il
ity ‘ i
M .
i m"iﬂ 5, deg i "éw o i T
Lo o | L
m O 10 i I T
i i i % it i
1 i “J{%
4 HH H
%B%} n *F& HiH ffﬁk
i?* .
G opi ‘ i .
n | na !
: i
i i
Hih :tﬁ |
o
i | i
i i
H -
i
itk i il i
-4 0 4 8 12 16 20 24 28 32 36

a, deg
(a) M = 1.60.

Figure 14.- Effect of wing-tab deflections on lateral characteristics; ¢ = 45°
BTW configuration, control tab on wing 3 only.

109

14



- | . L

HEEH
S
Ferd

i il e ’gj% i
i il HHEH thHi

-8 -4 0 4 8 12 16 20 24 28
a, deg

(b) M = 2.10.

Figure 14.- Continued.

110



n

i

!

; it

0, deg

O o

O 10

il

-8 -4 0 4 8 12 16 20
a, deg

(c) M= 2.50.

Figure 14.- Continued.

24

28

32

1



i

| L

: ﬁgé:f"

L

11 i
o i t
. i i 5, deg i i il

o o i b

O 1o i it i

~N
=
e e
e
3

12 16 20 24 28
a, deg

(d) M= 2.86.

Figure 14.- Continued.

112



|

6,deg

O o

O 10

i

i

i

i T i

i\

0%

it i i i
-4 it il it} Iif 1 i

-8 -4 0 4 8 12 16 20 24 28
a, deg

(e) M = 3.95.

Figure 14.- Continued.

113



I

m 1t

1t
il

E..s.«
SEE
=

O
a

0, deg

0
10

B

i
E
e

114

4 8 12 16 20 24 28 32 36
a, deg

(£) M = 4.63.

Figure 14.- Concluded.












1.

Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
NASA TM-80171

4. Title and Subtitle 5. Report Date
SUPERSONIC STABILITY AND CONTROL CHARACTERISTICS OF December 1979
A CRUCIFORM MISSILE MODEIL, WITH DELTA WINGS AND AFT 6. Performing Organization Code
TAIL FIN CONTROLS

7. Author{s) 8. Performing Organization Report No,

William A. Corlett L-13149

10. Work Unit No.

. Performing Organization Name and Address 505-43-33-04

NASA Langley Research Center

Hampton, VA 23665 11. Contract or Grant No.

13. Type of Report and Period Covered

12

Sponsoring Agency Name and Address Technical Memorandum
National Aeronautics and Space Administration

Washington, DC 20546 14. Sponsoring Agency Code

15.

Supplementary Notes

16.

Abstract

An investigation has been conducted to determine the static stability and control
characteristics of a cruciform missile configuration with delta wings and aft tail
fin controls. The tests were conducted in the Langley Unitary Plan wind tunnel at
Mach numbers from 1.60 to 4.63 through an angle-of-attack range of -4° to 30°.
Model roll orientation was varied from 0° to 135°. The results indicated good
longitudinal stability and control characteristics throughout the test Mach number
range. Relatively high induced rolling and yawing moments were apparent at asym-
metric model roll angles for the lower test Mach numbers; however, sufficient roll
and yaw control was available to trim to relatively high angles of attack and lift
coefficients.

17.

Key Words {Suggested by Author(s)) 18. Distribution Statement

Cruciform missile Unclassified - Unlimited
Supersonic aerodynamics
Tail controls

Subject Category 02

19.

Security Classif. (of this report) 20. Security Classif. (of this page) 21, No. of Pages 22. Price”

Unclassified Unclassified 114 $6.50

‘hrwmbymemuMmTummmmmmmmnwwmasmmymw,wmmmzmm

NASA-Langley, 1979







National Aeronautics and
Space Administration

Washington, D.C.
20546

Official Business
Penalty for Private Use, $300

NNASA

SPECIAL FOURTH CLASS MAIL
BOOK

Postage and Fees Paid
National Aeronautics and
Space Administration

NASA-451

POSTMASTER:

If Undeliverable (Section 158
Postal Manual) Do Not Return




	00857
	00858
	00859
	00860
	00861
	00862
	00863
	00864
	00865
	00866
	00867
	00868
	00869
	00870
	00871
	00872
	00873
	00874
	00875
	00876
	00877
	00878
	00879
	00880
	00881
	00882
	00883
	00884
	00885
	00886
	00887
	00888
	00889
	00890
	00891
	00892
	00893
	00894
	00895
	00896
	00897
	00898
	00899
	00900
	00901
	00902
	00903
	00904
	00905
	00906
	00907
	00908
	00909
	00910
	00911
	00912
	00913
	00914
	00915
	00916
	00917
	00918
	00919
	00920
	00921
	00922
	00923
	00924
	00925
	00926
	00927
	00928
	00929
	00930
	00931
	00932
	00933
	00934
	00935
	00936
	00937
	00938
	00939
	00940
	00941
	00942
	00943
	00944
	00945
	00946
	00947
	00948
	00949
	00950
	00951
	00952
	00953
	00954
	00955
	00956
	00957
	00958
	00959
	00960
	00961
	00962
	00963
	00964
	00965
	00966
	00967
	00968
	00969
	00970
	00971
	00972
	00973
	00974
	00975
	00976
	00977
	00978


